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LI ANSWER 1 OF 7 CAPLUS COPYRIGHT 2 006 ACS on STN 

AB This paper exptl. quantifies the reorientation of the liquid- liquid interface 
between fluids of different densities flowing side-by-side in 
pressure-driven laminar flow in microchannels . A gravity- induced pressure 
mismatch at the interface will gradually drive the denser fluid to occupy 
the lower portion of the microchannel . The rate of this process is 
expected to depend on the interplay of viscous forces -which tend to 
dominate at the microscale-and inertial and gravitational forces. A 
correlation that relates the position of such a liquid-liquid interface to 
phys. variables and channel dimensions was derived. The extent of 
reorientation of the streams was then related to two dimensionless nos . : 
Froude number (Fr) , the square root of the ratio of inertial to gravitational 
forces; and Re/Fr2, the ratio of gravitational to viscous forces, where Re 
is the Reynolds number Further anal, showed that the reorientation of the 
streams depends only on the gravitational and viscous forces, but not 
inertia. The quant, description of the position of the interface between 
liqs. of different densities described in this paper aids in the rational 
design of the rapidly growing number of microchem. systems that utilize 
xaultistream laminar flow for performing 

spatially resolved chemical and biol . inside microfluidic channels. 
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LI ANSWER 2 OF 7 CAPLUS COPYRIGHT 2006 ACS on STN 

AB The invention disclosed herein relates to fuel cell and electrochem, cells 
having internal multistream laminar flow 

and, more specifically, to microfluidic fuel cell and electrochem. cells 
having two or more adjacent and cross-flowing (i.e., non-parallel) laminar 
flow streams positioned within an electrode pair assembly. In one 
embodiment, an electrochem. cell is disclosed that comprises: a first 
electrode; a second electrode that opposes the first electrode; and a 
channel or plenum interposed between and contiguous with at least a 
portion of the first and second electrodes. The electrochem. cell of this 
embodiment is configured such that a first fluid enters the channel or 
plenum and laminarly flows adjacent to the first electrode in a first flow 



direction, and a second fluid enters the channel or plenum and laminarly 
flows adjacent to the second electrode in a second flow direction, wherein 
the first and second flow directions are different from each other. 
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AB A fuel cell is described that includes (a) a first electrode; (b) a second 
electrode; and (c) a channel contiguous with at least a portion of the 
first and the second electrodes. When a first liquid is contacted with the 
first electrode, a second liquid is contacted with the second electrode, and 
the first and the second liqs. flow through the channel, a 
multi stream laminar flow is established 

between the first and the second liqs. Electronic devices containing such 
electrochem. cells and methods for their use are also described. 
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AB Microfluidic fuel cell systems having two or more adjacent and parallel 
laminar flow streams positioned within an electrode pair assembly are 
disclosed herein. In one embodiment, a liquid fuel/electrolyte mixture and a 



liquid oxidant/electrolyte mixture are interposed between an anode structure 
and a cathode structure such that the liquid fuel/electrolyte mixture defines 
a first laminar flow stream that runs adjacent to the anode structure and 
the liquid oxidant/electrolyte mixture defines a second laminar flow stream 
that runs adjacent to the cathode structure. The anode structure may in 
some embodiments be derived from a first substantially planar substrate 
that is processed so as to have one or more discrete anodic porous 
regions, where each region is adapted to flow a first liquid therethrough. 
Similarly, the cathode structure may in some embodiments be derived from a 
first substantially planar substrate that is also processed so as to have 
one or more discrete cathodic porous regions, where each region is adapted 
to flow a second liquid therethrough. In still further embodiments, a third 
laminar flow stream that comprises a liquid electrolyte mixture flows in 
between the first and second laminar flow streams. 
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LI ANSWER 5 OF 7 CAPLUS COPYRIGHT 2006 ACS on STN 

AB A series of pressure- sensitive microfluidic gates to regulate liquid flow 
have been successfully fabricated by patterning surface free energies 
inside microchannels using self -assembled monolayers in combination with 
either multistream laminar flow or 

photolithog. The designs are based on the principles of surface-directed 
liquid flow previously reported. Aqueous liqs., including protein solns . , 
confined to the hydrophilic pathways (or the most hydrophilic pathway) 
under spontaneous flow conditions and flow into the hydrophobic regions or 
the less hydrophilic pathways when pressures exceed critical values. A 
programmable pressure-sensitive liquid delivery device is demonstrated, 
authors also investigated the initial rate of liquid flow in 
surface-patterned microchannels under spontaneous flow conditions from 
both anal, and exptl . approaches. The methods described here provide an 
alternative to the conventional approaches to control liquid flow in the 
fast -developing field of microfluidic systems. 
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LI ANSWER 6 OF 7 CAPLUS COPYRIGHT 2006 ACS on STN 

AB To direct liquid flow inside microchannels , surface free energies were 
patterned using self -assembled monolayers (SAMs) in combination with 
either multistream laminar flow or 

photolithog. For the photolithog. method, 2 photocleavable SAMs were 
designed and synthesized. Carboxylic acid-terminated monolayers were 
obtained by photodeprotection, which was confirmed by contact angle and 
XPS. Using either of these patterning methods, aqueous liqs. flow only along 
the hydrophilic pathways when the pressure is maintained below a critical 
value; the liqs. are referred to as being confined by virtual walls. 
Several principles of liquid flow in surface-patterned channels were derived 
anal, and verified exptl . These principles include the maximum pressure that 
virtual walls can withstand, the critical width of the hydrophilic pathway 
that can support spontaneous flow, the smallest width of the liquid streams 
under an external pressure, the critical radius of curvature of turns that 
can be introduced into the hydrophilic pathway without liquid crossing the 
hydrophilic -hydrophobic boundary, and the minimal distance for 2 liquid 
streams to remain separated under the maximum pressure. Exptl. results are in 
good agreement with the anal, predictions. 
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AB Self -assembled monolayer chemical was used in combination with either 
multistream laminar flow or photolithog. to 

pattern surface free energies inside microchannel networks. Aqueous liqs. 
introduced into these patterned channels are confined to the hydrophilic 
pathways, provided the pressure is maintained below a critical value. The 
maximum pressure is determined by the surface free energy of the liquid, the 
advancing contact angle of the liquid on the hydrophobic regions, and the 
channel depth. Surface-directed liquid flow was used to create 
pressure-sensitive switches inside channel networks. The ability to 
confine liquid flow inside microchannels with only two phys . walls is 
expected to be useful in applications where a large gas-liquid interface is 
critical, as demonstrated here by a gas-liquid reaction. 
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